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Abstract 


An Examination of the Effect of Incentives on the Cost, Schedule 


and Safety Performance of Construction Contracts 


by 


James David Oliver, M.S.E. 
The University of Texas at Austin, 1998 


Supervisor: John D. Borcherding 


The research conducted in this report consists of an in depth examination 
of the effect of incentives on the cost, schedule and safety of construction 
contracts. The data for this study was obtained from two surveys conducted by 
the Construction Industry Institute in 1997 and 1998. This data-base includes 
over 400 projects from 100 different companies. Projects are examined based on 
cost, schedule and safety factors which are calculated and than compared for 
projects with positive incentives, negative incentives, both positive and negative 


incentives and no incentives. 
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Chapter 1 


Introduction 


MOTIVATION 


This thesis is an attempt to quantify the benefits or lack of benefits that 
incentives introduce into the area of construction contracting. Historically the 
owner of a project will use incentives in order to promote attention and efficiency 
to an entire project or to a particular aspect of a project. 

The types of incentives fall into two primary categories, negative and 
positive incentives. The negative incentive 1s often categorized by some form of 
penalty that is applied to the contract for failure to meet specified goals. This 
form of incentive is commonly used in those situations where enforcement of the 
contract completion date is of particular importance. In these situations the 
contract will employ a liquidated damages clause as typically seen in fixed price 
contracts. Conversely, positive incentives offer some form of consideration for 
exceeding specified goals. The use of this type of incentive to control costs in a 


cost reimbursable-type contract is common throughout construction contracting. 


OBJECTIVES 


This report will analyze the effect of incentives on project data collected 
by the Construction Industry Institute (CII). Projects with and without incentives 


will be compared based on cost, schedule and safety performance. 





An initial assumption of the effect of negative incentives is necessary to 
begin the investigation. It can be theorized that negative incentives would 
produce an awareness of certain contract goals and thus would encourage 
contractors to meet whatever minimum requirement is necessary to ensure that no 
negative impact is realized. Consequently, the principal motivation of the 
contractor is not to improve upon the contractual requirements. Rather the 
contractor's motivation is simply meeting the minimum requirements that are 
commonly set at normal industry standards. Because an owner must provide 
realistic goals to avoid accusations of "Impossibility of Performance” and 
henceforth costly legal battles, minimum requirements can not be expected to be 
overly ngid. Therefore, only a minimum improvement over the normal industry 
standards may be specified. As a result, the potential improvement that can be 
specified by the owner is limited. On these assumptions, the first hypothesis that 
will be proposed is "Projects with negative incentives have slightly better cost, 
schedule, and safety performance then projects with no incentives." 

A hypothesis about the effect of positive incentives must also be 
developed. A positive incentive is based on a minimum standard with some type 
of additional consideration for significant improvement upon that minimum 
standard. In such a scenario an owner is able to specify that the minimum 
standard be set at normal industry expectations. Likewise an owner can then 
expect that the contractor will be motivated to improve upon this standard by 
using innovation and ingenuity in order to achieve the incentive and maximize 


profit. In this case the owner avoids the potential liability of lawsuits while still 
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achieving above average results. Based on these assumptions, it can be expected 
that the motivation to exceed the minimum requirement is greater than that of 
negative incentives. Consequently, the second hypothesis proposed is "Projects 
with positive incentives have better cost, schedule and safety performance than 
projects with no incentives or projects with only negative incentives." 

The use of incentives where both positive and negative incentives are used 
in a contract is not unusual. A hypothesis about the effect of both positive and 
negative incentives must also be developed. Theorizing from previous 
assumptions used to propose the first two hypothesis leads to the third hypothesis, 
namely that "Projects with both positive and negative incentives have much better 
cost, schedule and safety performance than projects with no incentives or projects 
with only positive or negative incentives." 

The use of incentives for multiple purposes, namely the use of cost, 
schedule and safety incentives on the same project also occurs. However, an 
analysis of contracts that use incentives for multiple purposes can provide 
inaccurate or skewed results. A contractor, in attempting to achieve one incentive 
can negatively impact on other incentives. An example of this is a contract that is 
heavily loaded with schedule incentives but also has safety incentives. To 
illustrate, to meet the schedule incentives and maximize profit, the contractor 
undertakes working overtime and long workweeks. This type of scheduling could 
easily produce results that show that the safety incentives produced no benefit or 
actually produced a negative benefit. Thus results from these mixed incentive 


contracts must be examined closely and in context with other factors related to the 
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project. This study will make no attempt to analyze these mixed incentive 
contracts. Only an examination of the effect of incentives on the primary purpose 
will be done. For example, cost incentives will be examined solely on their effect 
on the cost performance of the project. This methodology of analysis will also be 


applied to schedule and safety incentives. 





Chapter 2 


Literature Review/Previous Research 


BACKGROUND 


In this chapter, a review of significant literature and previous research 
related to the principles, foundation and use of incentives in construction 
contracting is presented. Given that literature discussing incentives in 
construction contracts is not abundant, this chapter provides background 
information that assists in understanding the subject of incentives by linking 
together major concepts. 

Construction project data such as that gathered by CII has not been 
available before this time. The difficulty in obtaining financial data due to 
concerns from contractors regarding competitive advantages has been the primary 
stumbling block. The CII data used in this study includes over 400 projects 
obtained from approximately 100 companies. Because of the potential negative 
impact the results of this study could have upon the competitive capability of the 
companies involved, no company names or company comparisons have been used 
in this analysis. 

Most discussion of incentives revolves around the issue of how to use 
incentives with an accepted premise that incentives are effective. This then leads 


to the question of whether incentives are effective, and if so, whether benefits can 
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be quantified. And finally, what types of incentives are best? These are some of 
the issues that will be the focus of this analysis. 

Previous attempts to analyze incentives have been based on a total cost 
evaluation of the contract with little attention given to specific factors that 
describe the "health" of a construction contract. A contract can superficially 
appear to be successful in that it meets an incentive clause, yet suffer serious 
deficiencies in other areas. A look at factors that describe cost growth or project 
safety may show that even though the contractor was successful in meeting a 


schedule incentive, the overall project suffered in other key areas. 


HISTORY OF INCENTIVE CONTRACTING 


The history of incentives in construction contracts most likely started in 
the Stone Age. Some ambitious Neanderthal probably contracted to build a 
primitive dwelling with a scheduled completion date before the first winter storm. 
The incentive being that he would get a knock on the head (from his mate, no 
less!) if he failed to complete the contract by the proscribed event. 

In all seriousness, the incentive contract has been around in some form or 
another for a long time. The military used an incentive contract with the Wright 
Brothers to construct the first military airplane in 1908. This performance 
incentive included a provision for a target speed of 40 mph with a target price of 
$25,000. Also included in the contract was a provision calling for a sliding scale 


of payments based on the actual airspeed of the plane. This contract had a very 
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steep incentive price of $15,000 if the minimum airspeed of 36 mph was obtained 
and a price of $35,000 for the maximum airspeed of 44 mph.! 

While the contract entered in between the Wmnght Brothers and the 
military shows that incentive contracts are not a recent phenomenon, incentive 
contract use increased after World War I. 

The employment of incentive contracts on a formalized basis can be found 
in the aircraft industry after World War II. After the war the incentive contract 
became the practice in follow-on production situations where the dollar value of 
contracts was large, the configuration of the aircraft was constantly changing and 
companies were often financially incapable of taking large risks. In this situation 
work was normally begun on a letter contract or a delayed target incentive 
contract with the target price being established after a substantial amount of work 
under the contract had been completed. In this industry, the contractors had cost 
accounting systems where lot costs were collected and used for pricing purposes; 
and where the learning curve technique was available to estimate future costs. As 
a result, the use of the incentive contract was in a situation where the aircraft was 
already designed, previous articles had been manufactured, unusually accurate 
cost information was available, good pricing techniques were present and the 
contractor had incurred a substantial amount of experience on the job. The 
incentive contracts that resulted were normally performed without substantial 


variation from the negotiated targets. 


! Nash p. 3 
2 Nash p. 4 
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Recent history of incentive contracting has been quite different from that 
of many years ago. Present incentive contracts cover a group of products much 
more diverse than in the past. The work in incentive contracts today is forward 
priced, without the benefit of having started and completed a large amount of the 
project. These factors make understanding incentives complex and the actual 


effect of the incentive problematic.? 


CONSTRUCTION CONTRACTS 


A construction contract can be defined as "[a] contract under which one 
party promises to furnish services and materials to build a structure or to improve 
real property for another who promises to pay for the work performed."* Since 
construction contracts are typically drafted by the owner of the project and then 
competitively bid, it is not surprising that the terms of the contract tend to favor 
the owner. The contractor usually has no say in the terms other than to refuse to 
bid on the work, an option not favored by most contractors. 

The construction contract is made up of three critical elements: scope of 
work, schedule and price. In a construction contract these three elements are 
normally described in a large document called the contract documents. The 
contract documents in turn has five primary elements. These five elements are the 
Agreement between the Owner and Contractor, General Conditions, Special 


Conditions (Supplementary Conditions), Drawings and Specifications.° 


3 Nash p. 4 
4 Frein p. 48 
> Hapke p. 25-26 





The Agreement between Owner and Contractor includes references to the 
owner, contractor and designer along with mailing and business addresses. 
Frequently there will be a listing of articles setting forth the contract documents 
applicable to the project; a brief description of the project; dates for 
commencement and completion; contract price; and other relevant miscellaneous 
provisions. 

The General Conditions is a list of ground rules by which the owner, 
designer and contractor will abide by during the actual construction. Items 
contained here include information concerning the status and authority of the 
designer, owner, contractor and subcontractors; the circumstances under which 
work may be performed by the owner; rules concerning progress, completion and 
delays, progress and final payments; insurance, and other miscellaneous 
provisions. 

Special conditions (Supplementary Conditions) are more project specific 
than General Conditions. The purpose of special conditions is to address 
variations unique to individual projects, requirements of individual owners and 
variations in specific legal requirements. Special conditions will frequently cover 
the same topics as do the General Conditions, only in greater detail. 

Fourth, drawings consist of scale and/or schematic drawings depicting the 
various features of the project which are best described graphically. Drawings are 
numbered and divided according to the specific elements of the project and the 


various trades. 


- a a 
7 
Oe 
ae _——. Se oe 
a 
oan wy @ 
| nie oe ae 
le i 
on 





Finally, the specification element is a detailed numerical and word 
description of the work that sets the standard for the quality and quantity of the 
detailed elements that comprise the entire project. |The Construction 
Specifications Institute (CSI) has developed an industry standard specification 
system that has sixteen major divisions. Each division deals with a particular 


trade of work and describes in detail how that work is to be accomplished. 


TYPES OF CONSTRUCTION CONTRACTS 


Essentially there are two types of contracts: fixed-price and cost 
reimbursable. The difference between these two contracts 1s the allocation of msk 
and the contractor's fee structure.® 

Incentive contracts take many forms, with the actual incentive relying 
heavily upon the type of contract being used by the owner. Thus, it 1s easy to see 
that an owner that offers a cost reimbursable contract for bid would seriously 
consider offering an incentive to control costs, so that the owner established 
financial goals for the project are met. One may argue that almost every contract 
is a type of incentive contract with the incentive being to make a profit. The firm 
fixed price contract, which has long been considered the favored contractual form, 
is the ultimate incentive contract. The incentive being that the contractor accepts 
the full responsibility for all cost overruns. The only difference between the 


incentive contract and the firm fixed price contract is that in the use of the 
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incentive contract, the contractor takes a smaller share of the total cost 
responsibility. ’ 

Other types of contracts encourage different forms of incentives. To 
illustrate, almost any contract could have an incentive to encourage safety and 
reduce reportable accidents. The construction industry is inherently a dangerous 
occupation, and in fact, construction trades traditionally have higher rates of on- 
the-job accidents then other industries. As a result, workman's compensation and 
liability insurance for contractors and owners has been at a premium. Contractors 
who do not promote on-the-job safety quickly find themselves paying outrageous 
rates for insurance, reducing their ability to competitively bid for future projects. 
High accident rates have also been known to cause negative public reaction and 
can impact the positive public image that most owners and contractors find 
essential. As a result, safety incentives on all types of contracts have become 
standard among construction industry leaders. 

In recent-years,; schedule incentives have seen a risein their application in 
order to meet the demand for new product lines. The fast-track effort to get a 
product to market from initial conception includes a substantial time for 
construction of manufacturing facilities. Consequently, positive incentives for on 
time or early completion and negative incentives for late completion have become 
popular. 

The number of incentives offered by an owner is limited only by the 


imagination of the contracting officer. Incentives can be given for quality, 


7 Nash p. 3 
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schedule, safety, cost, and in sum, just about anything else of significance. One 
of the most frequently used incentives is an incentive on the cost performance of a 
contract. Such incentives are the most simple to administer and the easiest to 
negotiate.8 The two basic types of contracts used to provide incentives on cost are 
the fixed price incentive and the cost plus incentive fee contract. The fixed price 
incentive contract contains a fixed ceiling price, has an unlimited range of sharing 
of costs and is settled by negotiation of a final "fixed" price near the completion 
of performance.? Conversely, the cost plus incentive fee contract contains no 
ceiling, has a range of cost sharing limited by the maximum and minimum fee, 
and is settled by vouchering all costs.!° However, the incentive formulas in these 
two types of contracts operate in a similar manner.''! There are many other types 
of contracts that use incentives. 

The firm fixed price or lump sum contract is the most commonly used 
contract. As the name implies, this contract is based on a fixed price that is 
agreed upon before construction begins. The contractor performs all of the work 
required for construction of the project in accordance with the plans, 
specifications, and other contractual documents, with the profit included in the 
lump sum.!2 Usually included in this contract is a negative incentive where the 


contractor is penalized for failure to meet the completion date. 


8 Nash p. 8 

? Nash p. 8 
10 Nash p. 8 
'l Nash p. 8 
'2 Hauf p. 11 
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The cost plus percentage fee contract is a contract where the matenial, 
labor, equipment rental, and all other associated costs are tallied up and an 
additional percentage of this cost is given to the contractor as profit. Since the 
contractor's profit is a direct percentage of the overall cost, there is little 
motivation by the contractor to control costs. Thus, cost incentives are popular in 
this cost plus percentage fee contracts. !3 

The cost plus fixed fee contract 1s a contract where the contractor receives 
only the stipulated fee for his part in overseeing and running the job regardless of 
the cost of the project.'4 Again, there is little motivation to control costs. 
Consequently, cost incentives are used frequently with this type of contract. 

Another type of incentive contract that has become popular is the award 
fee contract. This type of incentive contract has a base contract, either a fixed- 
price or a cost contract. The award fee contract has an award fee that is given to 
the contractor at specified intervals for superior work. The terms of this contract 
usually specify some arbitrary scale that is used by the owner to measure 
performance to determine the amount of the award fee. The award fee is optional, 
with the owner unilaterally awarding an amount that is deemed to represent the 
contractor's performance. In government contracts this award fee is not subject to 
a disputes clause.'> Contracts of this type have typically been used in facility 


support contracts. 


13 Dunham p. 131 
14 Dunham p. 132 
IS FAR 16.404-2 
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Although no contract type is perfect for every situation, there is a natural 
tendency to prefer a fixed price contract wherever it can be used.'© This tendency 
stems from the sense of security in rsk allocation and price assurance that an 
owner perceives and the inherent incentive of a contractor to manage efficiently. 
In recent years, cost-type contracts have seen a mise in popularity as owners have 
experienced increased pressure to get new products to market in shorter periods of 
time. This pressure has resulted in a situation where the schedule for completion 
becomes the foremost priority. The planning and programming of the project is 
usually reduced to a minimum, fast-tracking of the project takes place and 
construction is begun before the design is complete. Consequently, owners, 
recognizing that an inordinate amount of the risk of the project is being placed 
upon the contractor, have chosen to use a cost type contract in these situations. 

Regardless of the type of contract, the use of incentives must be done 


judiciously and with the objectives of the project clearly in focus. 


TYPES OF INCENTIVES 


Negative Incentives/Liquidated Damages 


The hypothetical stone-age case and the illustrated firm fixed price 
contract example described previously both had negative incentives. Negative 
schedule incentives, in the form of liquidated damages, have been common in the 


construction industry. Nowhere is the old adage of "time is money” truer than in 


16 Smith, et al, p. 911 
14 








7 eT A ey or 
=» - "GWE? 2h 74 anh a 


= Deg an eee ee 





eave 2 ee ee ae ee | | 
eae es Lam > ae © Se Sg) ae ee 
~¢ - OS @ 9 > eet =e = ee 
tO, Ch ne ci ase Dw = SF 
7 hol pamteay © Tete. on 


— 6 S. ft Ue — ski - 2° wu 





a es i= tit Wt ees ® 
= oot Gat dome, ret (a Be 
a ie eo >| 
= @ WN, Gass Gee. Vee 


I> Gut a ee | ah» Stee 4A) Mike Gh 


Perit Th eae 





a aay 7 > an _ w? > = os : 
- : o> ice af heus§ 
2 y “eae 


a construction project. An owner develops an expected schedule for occupying a 
facility based on the construction contract and plans accordingly. Therefore, it is 
imperative that the facility be completed on time so that the facility can be used. 

Sides Construction Company v. City of Scott City, 581 S.W.2d 443 (Mo. 
App. 1979) illustrates the importance of adhering to the completion date set forth 
in the contract. In Sides Construction, the failure of the contractor to complete a 
swimming pool forced the city to hire additional engineering personnel and 
resulted in a loss of revenue on the project for the city. However, in those cases 
where there is no substantial prejudice to the owner due to the delay of the 
contractor or the delay is occasioned by mutual error, the courts have been 
reluctant to award damages. !” 

Another example of the importance of adhering to the terms of the 
contract is illustrated in San Ore-Gardner v. Missouri Railroad Company, 496 F. 
Supp. 1337 (E.D. Ark. 1980) where the court refused to enforce the liquidated 
damages clause. The liquidated damages clause was considered to be a penalty 
by nature. The court deemed that the clause did not appear to be a bona fide 
attempt by both contracting parties to agree upon a reasonable compensation for 
any harm which would be caused by delayed performance. 

Another case, Department of Transportation v. Fortune Bridge Company, 
243 S.E.2d 647 (Ga. App. 1978) established a test to aid in determining whether a 
clause is a valid liquidated damages provision or an invalid penalty. The test 


established in Department of Transportation, is whether the injury caused by the 


\7 Hapke p. 26 
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breach is difficult or impossible to accurately estimate; whether the parties 
intended to provide for damages or a penalty; and whether the sum stipulated 1s a 
reasonable pre-estimate of the probable loss. !® 

Negative incentives in the form of liquidated damages have been in use for 
a long time. However, the actual benefit of the negative incentive is questionable, 
with previous research showing that negative incentives provide little benefit and 


in some cases can detrimentally affect the project.!? 


Positive Incentives/Bonus Incentives 


Contractual incentives for construction are often referred to as being 
positive in nature when in fact they can be positive, negative or both.2° Generally 
speaking, there is no positive incentive without a corresponding negative 
incentive. 

Incentives in construction contracts connote "profit adjustment” to the 
contractor. They are tied to performance measures and somehow increase or 
decrease the contractor's profit margin. Tailoring the incentive to the value 
received by the owner is of great importance.*! In order to accomplish this the 
owner must decide what areas of performance are of significant importance. The 
Owner must then determine how to tie the incentive to better contractor 


performance. 


18 Hapke p. 27 

19 Workman p. 71 

20 Stukhart, p. 34; BR Report A-7, p. 14 
2! Sykes, p. 63 
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One area where positive incentives are frequently used is in cost 
performance. Cost incentives are generally thought of as being a combination of 
an inducement and a threat. An example is the target type contract where there is 
a bonus penalty directly tied to the final cost of the construction to the owner. 

Among owners, there appears to be a trend to tie performance measures to 
an encouragement incentive or "bonus only" provision.22. In fact, some owners 
believe "that penalty clauses are negative incentives that turn off even the most 
conscientious of contractors."*? 

Positive incentives as a whole have been endorsed by previous studies. In 
the study completed in 1985 by B.W. Workman,** there was evidence that the use 
of positive incentives significantly improved contract performance. Despite this, 
there remains reluctance among owners to fully utilize this type of incentive. 

A possible reason for this lies in the inherent disadvantages of positive 
incentives. Disadvantages include: the owner's difficulty in establishing fair and 
equitable targets, additional administrative resources, extra negotiations, 
substantially completed project engineering, difficulty in changing goals and 
priorities after a contract 1s awarded and the lack of quantifiable benefits by using 
the positive incentive.*> These disadvantages all contribute to make the task of 


adding incentives to a contract a daunting task. 


22 Workman p. 25 

23 Sykes, p. 63 

24 Workman 

23 BR Report A-7, p. 14-15 
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INCENTIVE FEE CALCULATION 


The motivation for a contractor to complete a project in a timely manner 
with adequate quality rests primarily in "pride and profit."26 Since pnde cannot 
be harnessed and used by the owner, the only motivation that an owner can 
provide is through the compensation system outlined in the contract.2”? As such, 
there are many variations of construction contracts that seek to make use of this 
profit motive. 

Due to the fact that a cost based contract does not provide a contractor 
with motivation to decrease costs in order to earn his fee, cost and fee incentives 
were devised in order to motivate contractor efforts and to discourage inefficiency 
and waste. Inefficiency and waste are discouraged by the use of predetermined 
incentives on performance or delivery coupled with concurrent increases in profit 
or fee provided for achievement that surpasses the targets, and decreases are to the 
extent that such targets are not met.?8 

Incentive contracts include a target cost, a target profit or fee, and a profit 
or fee adjustment formula tied to the relationship between actual reimbursable 
costs incurred by the contractor and target costs.2? In lieu of costs, targets may 
come in the form of a specific performance characteristic such as the production 
capacity of a manufacturing plant. The following formula establishes what the 


fee a contractor receives 18:39 


26 Smith, et al, p. 911 

27 Workman p. 16 

28 FAR 16.401(b) 

22 FAR 16.403-1 and 404-1 
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F,=F,-k(C-CG) (Eq. H-1) 
Where: F, = Contractor's actual fee received 

F, = Target fee 

C = Actual cost of the project 

C, = Target cost established in the contract 


K = Sharing ratio of the contractor 


In a pure fixed-price contract the contractor assumes the risk of the 
outcome of actual project cost (k = 1) and the fee received by the contractor 
equals the target fee per its estimate plus any differential in actual cost below that 


estimated. The equation can be reduced and expressed as follows:?! 


F, = F,- (C - GQ) (Eq. I-2) 


In a pure cost-reimbursable contract the owner assumes the nsk of actual 
project cost (k = 0) and the fee received by the contractor equals the target fee 


negotiated.*2 The formula can then be expressed as: 


F, = F, (Eq. I-3) 


30 Stukhart, p. 35 
31 Workman p. 17 
32 Workman p. 17 
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The target fee can be a fixed amount where F, is a constant or it can be a 
percentage of the actual cost to the owner and F, becomes a variable. The number 
of variations where the sharing ratio is between the extremes of one and zero is 
unlimited. This type of fee structure implies a sharing of any cost over-run or 
under-run, subject to any imposed limitations, and hence has been labeled as a 
cost incentive contract. A typical fixed price incentive contract or cost plus 
incentive fee contract will have a sharing arrangement illustrated by the following 


example: 


Fixed Price Incentive Contract 


Target Cost $100 
Target Profit 9% 
Ceiling Price 121% 
Sharing Arrangement 75/25 


Cost Plus Incentive Fee Contract 


Target Cost $100 
Target Fee 6% 
Maximum Fee 10% 
Minimum Fee 2% 
Sharing Arrangement 85/15 


The target cost in either type of incentive contract is usually the focal 
point of the contract since it is the accepted practice to attempt to arrive at a 
mutual acceptable target cost before establishing the remainder of the formula.33 
The target cost is also important in the operation of the incentive formula since it 


is the fulcrum around which the formula revolves. The formula states that if 


33 Nash p. 9-12 
20 
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actual costs exceed target costs, profit is reduced and if actual costs are less than 
target costs, profit is increased. Hence, the target cost is the basis for setting the 
profit or fee and also serves as point around which profit fluctuates during 
contract performance.+4 

Figures II-1 and II-2 show the graphical representation of the typical fixed 
price incentive contract and the cost plus incentive fee contract for the formulas 
discussed above. These graphs depict the actual amount of profit to be paid to a 
contractor at any level of the actual cost incurred in the performance of a 


contract.35 
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Figure II -1, Fixed Price Incentive Contract Fee Graph 


34 Nash p. 12 
35 Nash p. 10-12 
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Figure II - 2, Cost Plus Incentive Contract Fee Graph 


INCENTIVE FEE GOALS 


The objective of incentive programs should be to promote the goals of the 
owner and "to produce a harmonious relationship between the owner and 
contractor [in order} to achieve beneficial end results for both."3° To promote this 
type of relationship between owners and contractors, owners should seek input 
from the contractor on how best to implement the goals of the owner. The 


following is list of seven elements for a successful incentive program:?? 


The owner thoroughly thought out the objectives and 
established priorities with the contractor 


36 Carmody, p. 33 
37 Carmody, p. 34 


22 


im ae ow i | ai 
a —_ =e 6 “a9 
i. : =? 
a= 7 = 7 a 
7 — 7 ae 7 
ie” : : n) 
; » ale _  @ 
eae 4 6 
eT : lion 
— rr —— @) 
—?¢ Un 7 TY) - . 3 
5 Paeal 
—— an ae eg Hl tase 
GudtE) 009 





20S merch Cnet ea) eiienan OT 
= Sauryv—e’) @ Gxterteyd” ae 
| ot, (eet, Gree oe ee el 


= — '@ ie 





we a age. & ie woe se stage: a a 


2 a T =e mr BN 741) 


participating in establishing appropriate 
incentives; 

Sufficient time was spent to adequately measure 
accomplishments; 

Arrangement was agreed upon at the initiation of the 
contract; 

The method of setting targets was specified when 
actual target values are to be established at a later 
time; 

Written rule prevented continual nitpicking; 

The contractor was in control of the situation as soon 
as the measures of performance were determined; 
and 

Targets were established to reflect competent 
performance with some tolerance for error and 
contingency. 


The goals of an incentive program must be to "motivate the contractor to 
produce a system that will meet or surpass performance goals, on or before a 
target date, and within a target cost."38 "Competence must therefore be the 
benchmark, or the null point, from which positive incentives can be set for 
performance which is clearly superior to the benchmark."39 Incentives should be 
designed so that a win-win situation exists between the contractor and the owner. 
If the incentive program is skewed towards one party then the feeling of being 
cheated will exist. If the contractor feels that an incentive is an impractical goal, 
not financially worth pursuing, then the purpose of the owner in including an 
incentive has been defeated. On the other hand, if an incentive unduly awards the 


contractor additional profit for little additional performance, then the owner will 


38 Finchum, p. 389 
39 Carmody, p. 33 
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find any contractor request for additional compensation, even if warranted, 


difficult to accept. 


PREVIOUS RESEARCH RESULTS 


In September 1959 a survey by the San Francisco section of the American 
Society of Civil Engineers (ASCE) Construction Division was conducted. The 
basic objective was to determine current practices in contracting administration.*° 
This research was performed on San Francisco area ASCE members using a forty- 
eight-question survey. A total of 300 respondents completed the survey. Survey 
results showed that for construction contracts, 75 percent use liquidated damages 
provisions and 77 percent do not provide bonus provisions. 

The study of the ASCE concluded that the current practice of using 
liquidated damage clauses is believed to lead to overall contract economy. In 
addition, the committee concluded that current practice does not provide bonus 
provisions or invite proposals with optional or alternative completion times. 

A second research study conducted by Billy Wayne Workman, Jr. in 1985 
utilized survey responses from Construction Industry Institute companies.*! The 
survey consisted of 36 completed questionnaires. The study determined that 
safety performance is better for contracts with positive incentives. Schedule 
performance was also shown to be better for contracts with positive incentives 


than for contracts with negative incentives. Other performance measures also 


40 Special Committee, p. 1 
41 Workman, p. 71 
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appeared to yield better results where positive incentives were employed instead 
of negative incentives. Negative incentives appeared to hamper project 
performance, and in fact, appeared to lower performance outcomes below the 


level attained by contracts with no incentives. 


25 





Chapter 3 


Data Gathering by the Construction Industry Institute 


This CII data was collected from CII member companies from two 
separately conducted surveys. Each survey consists of two questionnaires. One 
questionnaire was addressed to CII Construction Companies that did the actual 
construction; the other was sent to CII member companies that were the owners of 
the projects. No effort was made to obtain data from an owner and a contractor 
on the same project, although the possibility that data from two different sources 
on the same project exists. 

Data from these questionnaires was collected by CII and formatted into 


spreadsheets with all company names deleted to provide confidentiality. 


FIRST CII SURVEY 


The CI! Benchmarking and Metrics Committee performed the first round 
of data collection and analysis in 1996 (version 1.0). In this data collection effort, 
22 owner companies and 25 contractor companies, all members of CII, 
participated by submitting 94 projects and 119 projects, respectively. These 
projects represent $11.5 billion of total cost in the heavy industrial, light 
industrial, infrastructure, and building groups within the construction industry. 


The response rate for projects submitted was approximately 4.5 projects per 
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participating company. A total of 213 projects that met specified criteria were 
submitted in this first round of data collection. Table III -1 provides a summary 


distribution of the types of projects submitted.*4 


ak 


Table HI - 1, Summary of Project Distribution, First Survey 














While an owner is responsible for the entire project, from conception to 
operation, a contractor only has responsibility for a portion of the total project. 
Figure III - 1 shows the contractor's responsibility for the 119 projects submitted. 
It should be noted that the contractors in each category might have responsibility 
for all or only a portion of the functions in question. 

The overall cost of the projects in this database ranges between $5 million 
and $500 million in project capitalization. As shown in Figure III - 2, 
approximately one-third of the contracts had a cost of less then $15 million, one- 
third had a cost between $15 million and $50 million and one-third had a cost in 


excess of $50 million.4 


42 Benchmarking Report p. x 
43 Benchmarking p. 8 
44 Benchmarking p. 11 
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Figure III - 1, Contractor Functions, First Survey 
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Figure III - 2, Distribution of Project Cost, First Survey 
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Projects in the database can be categorized by what 1s called the "nature" 
of the project. This is a categorization based on whether the project is a grass 
roots project, an addition, or a modernization. With the definition of these terms 
being that a grass-roots project is a new facility; an addition being a project which 
ties into an existing facility; and a modernization a project for which a substantial 
amount of equipment or structure is replaced or modified. Figure III - 3 illustrates 


the nature of the project data submitted.* 
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Figure III - 3, Nature of Projects, First Survey 
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SECOND CIT SURVEY 


The CII Benchmarking and Metncs Committee followed up the first round 
of data collection with a second round performed in 1997 (version 2.0). In the 
second data collection effort, 22 owner companies and 19 contractor companies 
participated by submitting 90 projects and 94 projects, respectively. These 
projects represented $9.1 billion of total cost within the heavy industrial, light 
industrial, infrastructure, and building groups of the construction industry. A total 
of 184 projects that met specified criteria were submitted in this survey. Table III 


-2 provides a summary distnbution of the type of projects in this database.*¢ 


ners Contractors [Tout 
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Table III - 2, Summary of Project Distribution, Second Survey 













Figure II] - 4 shows the contractor's responsibility for the 94 projects 
submitted in the second survey. It should be noted that the contractors in each 
category might have responsibility for all or only a portion of the functions in 
question.47 It should also be noted that the 2™ survey consisted of more design 


and design and construction contracts than the first survey. 


46 Morrow 
47 Benchmark p. 11 
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Chapter 4 


Analysis Methodology 


BACKGROUND 


Since a contract can have negative incentives, positive incentives or a 
combination of both types of incentives, any examination of the effects of 
incentives must be done from a macro perspective. An examination of the "big 
picture," in which the effects of the incentives as a whole on construction contract 
performance is studied, should provide beneficial results. An analysis of the 
effect of individual incentives on specific areas of a project will be conducted 
where the data is sufficient to enable a comparison between contracts with and 
without incentives. 

The information for this study was taken from the raw data of each project 
and examined by the type of incentive offered in the construction phase. The 
construction phase is the primary phase in which the largest amounts of resources 
are committed. Traditionally less then 5% of the total project cost is committed to 
the pre-project planning. An additional 15% of the total cost is used for the 
design effort.48 Therefore, the total construction effort including procured 
equipment totals approximately 80% of the cost of a project. 

An examination of the construction phase should provide the most 


potential return. Also, data compiled from the contractors would only support a 


48 Metrics, notes 3/31/97 
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Figure III - 4, Contractors Functions, Second Survey 
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Figure III -5, Distribution of Project Cost, Second Survey 
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Figure III - 6, Nature of the Projects, Second Survey 


Figure III - 5 shows the cost distribution for the projects in the second 


survey and Figure II - 6 shows the nature of the projects in the second survey. 
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construction phase analysis since many contractors had no knowledge or 
involvement in the pre-construction phases of the project. An examination of the 
effect of incentives on other phases such as the design phase could be 
accomplished by developing or modifying the cost, schedule and safety factors 
that are being used for the construction phase analysis and then utilizing the 


owner data for analysis. 


FIRST SURVEY QUESTIONS 


The first survey by CII consisted of a total of 38 questions dealing with 
many aspects of a construction project. This study will only use a small portion 
of the available data in the analysis of the effect of incentives. The data from 


questions that will be used are: 


1) Incentive Data from Question 11 

2) Cost Data from Questions 12, 13, and 14 
3) Schedule Data from Question 15 

4) Safety Data from Question 18 


SECOND SURVEY QUESTIONS 


The second survey conducted by CII consisted of a total of 41 questions. 
As in the first survey, these questions deal with many aspects of these 


construction projects. Questions from the second survey that will be used are: 


1) Incentive Data from Question 10 

2) Cost Data from Questions lla, 12, 13 
3) Schedule Data from Questions 14, 15 
4) Safety Data from Questions 18 thru 34 
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ANALYSIS PLAN 


The analysis will begin by separating the contracts with cost incentives v. 
contracts without cost incentives. These contracts will then be further grouped 
based on the type of cost incentive. Contracts with positive, negative or both 
positive and negative incentives will be grouped together for the analysis. The 
same separation for contracts with and without both schedule and safety 
incentives will also be undertaken. The data will be further examined by 
subdividing the data from each survey into owner and contractor data for 
examination. 

Once the projects have been subdivided, calculation of the factors to be 
used for analysis will be done. Budget Factors, Cost Growth Factors, Schedule 
Factors, Schedule Growth Factors, Reportable Incident Rate (RIR) and Lost 
Workday Case Incident Rate (LWCIR) will be calculated for each project. 


Specific formulas for each of these factors are as follows: 


Cost Analysis 
1) Budget Factor = Actual Cost /(Authorized Cost 
+ Change Order Cost) 
2) Cost Growth = Actual Cost-Authorized 
Cost/Authorized Cost 
Schedule Analysis 
3) Schedule Factor = Actual Schedule/(Estimated 
Schedule + Change Order Schedule) 
4) Schedule Growth = Actual Schedule-Estimated 
Schedule/Estimated Schedule 
Safety Analysis 


25 





AU @O4i15n 








ry - oy, Si its wa 

- “(oF ctle 2 cc peeerTA 

- ce . oe ae 96s eps) 6 ee a) 
Pi Tel ay ler em, (tie Ne 

» hire wall a) Cees oa aves 
Gari G ay @ ee aah Ss 
5 wiping, oh ee, ee a ee ee 
a 

7 a Tat he 4s ed gee eel qual 

ie | i? ron ow  aAwet 

aa’ ee eS a BG) CE a> 2G Cue =A 


> ee. Va a0 "ae ae ae 


ne 


Gite wt. 
are ro | ae 9 
- =. +8 = 
Con ait is j 
- SS eee sl 
odin? aac © 
a 9 


uaa {Oeste 





1) RIR = Recordable Incidents * 200,000/Work 
Hours 

2) LWCIR = Lost Workday Cases * 200,000/Work 
Hours 


The mean (average), median, standard deviation and variance will then be 
calculated for each of the factors in an attempt to determine the statistical validity 
of the data. The validity of the data will further be examined by looking at the 
distribution of the data using histograms. Histograms for each factor for both 
owners and contractors will be developed to see if the data is normally distributed 
plots. An additional examination of the calculated factors will then be done using 
the statistical F-test methodology. The F-Test is used to determine if statistical 
significance is exhibited by the data. The F-test for significance is calculated 


using the formula: 


F = (BSS/DF) / (WSS/DF) 


Where: BSS = Between Sum of Squares 
WSS = Within Sum of Squares 
DF = Degrees of Freedom (N-1) or (k-1) 


A comparison of the values calculated and these critical values for the 
population, with one degree of freedom, will be accomplished. The calculated F- 
test value must meet the critical F-test value to show that a clear difference 


between projects with and without incentives exists. The critical values that will 
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be used in this evaluation are standard and can be referenced in almost any 
statistics book*?. In the case that the data does not meet the F-test, then further 
examination to determine causation will be attempted. Although the data might 
not meet the F-Test, that does not mean that the data is not valid. Failure of this 
test means that although a clear-cut difference between the data does not exist 
Statistically, there can still be obvious trends that can be observed. A further 
analysis of possible trends based on these observations, whether the F-test is met 


or not, will be done. 


49 Moore, p 630 
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Chapter 5 


Analysis of Data 


PROJECTS WITH INCENTIVES 


The projects included in the CII database consisted of different types of 
contracts. Many of these contracts include contractors that do not directly 
supervise craftsmen. Therefore, only those contractors that had direct control 
over the construction of the project could be included in this examination. 
Contractor functions that were included consisted of general contractors, prime 
contractors, sub-contractors or those contractors involved in demolition work. 

The primary objective of this research 1s to compare projects with positive, 
negative, or a combination of positive and negative incentives versus contracts 
with no incentives in the areas of cost, schedule and safety. Therefore, the budget 
factor and the cost growth factor will be used to provide an analysis of the effect 
of cost incentives. Similarly, the schedule factor and the schedule growth factor 
will be used for evaluation of schedule incentives and the reportable incident rate 
(RIR) and lost work day incident rate (LWCIR) will be used to grade the 
performance of safety incentives. 

This examination will not evaluate performance in areas not directly 
affected by the incentive being offered. For example, contracts with a cost 
incentive will only be evaluated by examining the budget and cost growth factors. 


Attempting to evaluate these cost incentive projects for safety or schedule 
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performance, without including a process by which possible incentives for safety 
or schedule are included would provide highly inaccurate results. 

Not all contracts included in this database had incentives. In fact the 
majority did not have any type of incentives. Table V - 1 shows all the projects in 
this database arranged by the type of incentive in the construction phase. This 
table also separates the data from the first and second surveys and separates the 
data by contractor and owner. An examination of this table shows that this 
database consists of 397 projects on which data was obtained. It should also be 
noted that while the number of projects with positive, negative, both positive and 
negative or no incentives is sufficient to provide accurate results, there are a 
number of incentive types that have a limited number of projects. 

Some types of incentives are not commonly used in the construction 
industry. As Table V - 1 illustrates; negative cost and safety incentives are rarely 
used. Although this study will use the available projects in these areas to perform 
an analysis, the results are prejudiced by the limited data for these types of 
projects. Therefore, any conclusion must be taken in the context of this 
limitation. All other contract incentive situations have sufficient data to provide 
results with a high confidence level in the accuracy of those results. 

Another limitation that was evident was the fact that some projects 
included in the database have insufficient or non-existent data in certain areas 
needed for this examination. Some of the projects submitted did not have cost 


data, schedule data, or safety data. In those situations, the project was only used 
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Table V - 1, Projects with Construction Phase Incentives 


for those parts of the research where the data was sufficient. As a result, each of 
the factors as calculated is based on a different number of projects, depending on 
how many projects had sufficient data. Although this did reduce the overall 
number of projects with incentives, the data was still sufficient to provide 


accurate results in all areas except in those mentioned above. 
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CALCULATION OF FACTORS 


The metrics used in this examination provide a basis for comparison. Six 
factors were used to evaluate cost, schedule and safety performance. The cost and 
schedule factors used were developed by the Construction Industry Institute, 
although they have been modified to examine only the construction phase of each 
project. These factors provide a unique prospective into the "health" of these 
projects. 

The budget factor used herein is a ratio of the actual construction cost of 
the project to the budgeted construction cost plus the cost of authorized change 
orders. A budget factor of unity (1.0) represents perfect predictability. A value of 
less than unity represents cost under-run, while a value greater than unity 
represents cost overrun. 

The cost growth factor used is the ratio of the difference between the 
actual construction cost of the project and the construction budget to the 
construction budget. Cost growth measures financial predictability with no 
allowance for changes. The primary difference between budget factor and cost 
growth is the inclusion of the change order cost in the budget factor. 

The two safety performance metrics used are the recordable incident rate 
(RIR) and the lost workday case incident rate (L.WCIR). The definition of these 
two factors is identical to those as defined by the Occupational Safety and Health 
Administration (OSHA). RIR being recordable incidents times 200,000 divided 
by the total work hours for the project. LWCIR is similarly defined as lost 


workday cases times 200,000 divided by total project work hours. 
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The schedule factor used is a measure of duration predictability. The 
schedule factor is derived from the ratio of the actual construction duration to the 
predicted construction duration plus change order impact. A schedule factor of 
unity represents perfect predictability, a value less then one represents a schedule 
under-run while greater then one is a schedule over-run. 

Schedule growth is a ratio of the difference between the actual total 
duration of the construction and the predicted construction duration to the 
predicted construction duration. Schedule growth measures duration 
predictability with no allowances for owner changes. The difference between 
schedule factor and schedule growth is that schedule factor includes owner 
authorized changes while schedule growth does not. 

The factors for all projects were calculated and tabulated by first or second 
survey and by owner or contractor. Due to limitations on the number of incentive 
projects in some areas, the analysis will examine all results based on all the 
available data. Data calculations for each sub-division are provided in Appendix 


A. 


COST INCENTIVE ANALYSIS 

Table V - 2 shows the calculated factor analysis that was completed for 
projects with cost incentives. Note that this table is a summary of all the data 
collected from both contractors and owners. As this indicates, the total number of 


contracts with negative incentives that could be used for analysis ranged from six 
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to four projects. Other types of incentives had at least 24 projects upon which to 
base the analysis. Means, medians, standard deviations and variance were also 
calculated. An F-Test analysis, which compares each type of incentive to the 
other types of incentives and to projects without incentives was also completed. 
The statistical validity of the data used was determined by the use of 
histograms. The data, when plotted, should have a tendency to take on a "bell- 


shaped" or normal curve distribution. Figure V - 1 1s the histogram showing an 
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Figure V - 1, Histogram, Cost Incentives Effect on Budget Factor 


analysis for the budget factor. Figure V - 1 plots the frequency versus budget 
factor for projects with positive, negative, both positive and negative and projects 


without cost incentives. As the histogram plot indicates, the data shows a normal 
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curve for projects with positive incentives, positive and negative incentives, and 
projects with no cost incentives. The plot for projects with negative incentives 
has insufficient data to make any conclusions. Arguably, sufficient data on 
projects with negative incentives would provide results similar to those obtained 
for the other types of incentives. This histogram demonstrates that the data 
obtained is valid and that the results are meaningful. 

The budget factor axis of symmetry for positive and no incentive projects 
is on or about a budget factor value of 1.0. As previously noted, this is the point 
of high predictability or the unity value. At this point the project budget is 
approximately equal to what was predicted. The results for projects with both 
positive and negative incentives are less clear. Here the curve appears to be 
centered on a vertical axis at a budget factor of about 1.05. This indicates that 
contracts with a combination of both types of incentives appear to be less 
predictable, and experience over-runs. 

The cost growth factor is the other measure by which cost incentives will 
be examined. Figure V - 2 is a histogram plot for each type of incentive for the 
cost growth factor. As shown in this figure, the plots have normal curve 
tendencies. Interestingly, there appears to be a "dip" in the curve at the cost 
growth value of 0.1 for projects with no incentives or positive incentives. Also, 
the plot for both types of incentives shows a drop off at a cost growth value of 
0.1. At this time it is unknown what factors are causing this behavior. Overall 
this plot indicates that cost growth seems to be normally distributed, but that there 


may be other factors affecting cost growth that separates the projects into those 


45 


i wt) mis <8 (= oe 
at Gp eens ee © 7) Rapaatt 


~ As ? aveet er mea 










:. at eine a8) Coney ae 


7 ae) ce ye Ee 


So Se Me weal wenn 
post =)) 1@> Aine, Neger ee 
My 
re ee Te 
mainllwl) easciaavl & Lend one) Gage Oe 


=! > OV weed Soe Cel. 4.5 Cee 


Wit, Bayh «0 -s lena ee 


ESS UG om . 

4 ) Mow a —| Sieee, Ge 

1G aii @, at ov @ Mie ee oO 
+ ty 0 Oe p> ¢ oles |) Gane 

a=) aap) Ti 





4 


a = (Sse ee 


ee eee 5 Oy? Sie 


i 


— wh: 


os e “9 aw ee of 
® wilh ster ¢ 


=. = i ab 





') 


Frequency 
8 


md — 
© On 





-0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 


Figure V - 2, Histogram, Cost Incentives Effect on Cost Growth Factor 


that slightly exceed the predicted cost and those that significantly exceed the cost 
prediction. No conjecture on this can be made without sufficient examination of 
these projects and close study of other influencing factors. Despite this deviation, 
the results of this study can still be expected to produce acceptable results. 

The second statistical too] that was used to provide an evaluation of the 
significance difference in the data was the F-test. F- test factors were calculated 
to determine if the data exhibited significant differences based on the type of 


incentive. An evaluation of the F-test values, as calculated, and the critical F-test 
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values shows that none of the F-test values meet the critical value to show 
significant difference in the data. Although this test is not met, it could be that the 
effects of cost incentives are very small, smal! enough that the F-test would not be 
able to differentiate between contracts with or without incentives. This result is 
not unexpected. Since a construction project has many expenses that are not 
affected by cost incentives, the potential for improvement upon these factors 
would be measured in small increments. Small changes such as this would not be 


noticeable to the F-test, which looks for significant differences between the data 
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Figure V - 3, Effect of Cost Incentives on Budget and Cost Growth Factors 
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arrays being compared. 

A trend analysis of the budget and cost growth factors was then 
completed. The potential increases or decreases of the budget factor and the cost 
growth factor, based on the type of incentive, is shown in Figure V - 3. Figure V 
- 3 illustrates that the type of incentive employed does have an effect on the cost 
performance of the project. As can be seen, the budget factor showed only small 
increases for projects with a combination of incentives over those with a positive 
incentive and larger increases over projects with negative or no incentives. This 
would appear to substantiate the hypothesis that contracts with both positive and 
negative incentives would have the best cost performance. Positive incentives 
also performed well, showing corresponding increases in performance over those 
contracts with negative incentives or no incentives. This substantiates the 
hypothesis that those contracts with positive incentives have better cost 
performance than projects with negative incentives or projects with no incentives. 
Negative incentives did not perform as theorized, with significantly lower cost 
performance than those projects with no incentives. This is directly in contrast to 
the hypothesis that theorized that projects with negative incentives have slightly 
better cost performance then those with no incentives. 

The cost growth analysis shows a similar graph for positive, both positive 
and negative incentives and no incentives. The cost growth trend shown here 
indicates either no improvement, or slightly lower performance than projects with 


no incentives. As with the budget factor, the cost growth factor for negative cost 


48 


- 

a 
= -~ = 
ra an a 


7 - nie y >)’ >in 








wise -P 
> ak eerie 
_ Ga a a ee ok! - 


a> =) ne) Ai eee Siew 


- = iis Satnuttatiminal 


=e <j aa, XR 
a i (2 ae ey) 
a oan? ie gS Wp 
wel > Ay @ Sere 
7 3 £2 @ =, 42% (Gen! ean 


OS Gaduiiind io aM 
i 
ite Ousy iq. aay, Gee 
/ sa NS tacky ee 


= 1) le 6) ae 
| (aay tn, 

=p = 24) a amner ts Fae 

r 


aw ae a ee 6. fe Tie 


- - eae— _ 


incentive projects showed significantly inferior performance results than projects 
with any other type of incentive. 

This trend analysis shows that a positive or both positive and negative cost 
incentives can provide some benefit to cost performance. More importantly 
though, this graphically shows that the use of negative cost incentives leads to 
significantly decreased cost performance. For these projects, the use of negative 
cost incentives leads to a projected cost growth increase of 12% and a budget 
factor increase of 6%. Thus, the use of negative cost incentives should be 


avoided. 


SCHEDULE INCENTIVES 


Table V - 3 shows the calculated factor analysis that was completed for 
projects with schedule incentives. As with the cost incentive analysis, this table 1s 
a summary of all the data collected from both contractors and owners on both 
surveys. The total number of projects for each type of incentive 1s evenly 
distributed, with at least 32 projects available for each factor analysis. Means, 
medians, standard deviations and variance were calculated for each of the factors. 
The F-Test analysis that compares each type of incentive to the other types of 
incentives and to projects with no incentives 1s also shown. 

The statistical validity of the data used was determined by the use of 


histograms. Figure V - 4 plots the frequency versus schedule factor for projects. 
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Figure V - 4, Histogram, Schedule Incentives Effect on Schedule Factor 


with positive, negative, both positive and negative, and projects without schedule 
incentives 

This histogram shows a normal distribution with a symmetrical vertical 
axis located at a schedule factor value of 1.0 or unity. Again this is not surprising 
since the majority of projects are completed reasonably close to the intended 
completion dates. Figure V - 5 is the histogram for the effect of schedule 
incentives on schedule growth. As shown, the data is normally distributed with a 


vertical axis at a schedule growth value of 0.0. Since this measures the actual 
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schedule growth of the construction phase, and since most projects finish at or 
very close to the original completion dates, this result is not unusual. Both of 
these graphs show that the data is valid, normally distributed data with good 
analysis potential. 

The second statistical tool that was used to provide. an evaluation of the 
significance difference of the data was the F-test. F-test factors were calculated to 
determine if the data exhibited significant differences based on the type of 
incentive. An evaluation of the F-test values as calculated and the critical F-test 


values shows that none of the F-test values meet the critical value to show 
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Figure V - 5, Histogram, Schedule Incentives Effect on Schedule Growth 
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significant difference in the data. It is hypothesized that the effects of schedule 
incentives are very small, and that an F-test would not be able to differentiate 
between contracts with or without schedule incentives. 

The trend analysis for the effect of schedule incentives on schedule factor 
and schedule growth is shown in Figure V - 6. For the schedule factor, the effects 
of both negative and positive incentives caused a reduction in the schedule factor. 

In summary, the hypothesis regarding improved schedule performance for 


projects with negative incentives was established. 
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Figure V - 6, Effect of Schedule Incentives on Schedule and Schedule Growth 
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Moreover, the data established that even better performance was obtained when 
positive incentives were used and that performance with both positive and 
negative incentives was less then those with positive incentives, but better then 
those with negative incentives. 

The effect of both positive and negative incentives, although 
demonstrating improved schedule performance over projects with no incentives, 
does not show better performance than projects with negative incentives and 
actually results in decreased performance than projects with positive incentives. 
Thus, it can not be said that a combination of positive and negative incentives 
provides the best schedule performance, and the orginal hypothesis is not proven 
correct. 

An examination of the schedule growth factor trend in Table V - 6 shows 
that negative cost incentives slightly increased schedule growth by 1% and that 
positive incentives provided the best schedule growth performance with 0% 
schedule growth, an improvement of 10% over projects with no incentives. A 
combination of both positive and negative incentives provided better performance 
than both negative and no incentive projects, but was lower by 2% than those 
projects with only positive incentives. As a result, the original hypothesis 
regarding negative incentives and both positive and negative incentives is shown 
to be only partially true. The hypothesis regarding positive incentives is proven to 
be correct. 

Most noteworthy, however, are the benefits provided by only positive 


incentives. A 10% reduction in schedule growth over the life of a construction 
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project could easily result in an early completion measured in weeks. Hence, 
positive incentives are shown to be the best option and should be utilized 


exclusively. 


SAFETY INCENTIVES 


Table V - 4 shows the calculated factor analysis that was completed for projects 
with safety incentives. As with the cost and schedule incentive analysis, this table 
is a summary of all the data collected from both contractors and owners. Like 
projects with cost incentives, the number of projects with negative safety 
incentives is limited. The number of projects with both positive and negative 
incentives is also limited, although there are more projects with this type of 
incentive than projects with negative incentives. Projects with positive incentives 
and those projects without safety incentives were amply provided for this analysis 
and the results should deem to yield a low margin of error. 

As with the previous analysis, Table V - 4 includes the summary of the 
calculated factors, with means, medians, standard deviations and variance. The F- 
Test analysis that compares each type of incentive to each of the other types is 
also shown. 

The statistical validity of the data used was determined by the use of 
histograms. Figure V - 7 plots the frequency versus the recordable incident rate 
for projects with positive, negative, both positive and negative, and projects 


without safety incentives. 
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Figure V - 7, Histogram, Effect of Safety Incentives on RIR 


As shown in Figure V - 7, the data, while resembling a normal curve, has 
significant "dips," particularly around the RIR value of 1.0. At this time the 
meaning of this cannot be contributed to any known factor, but it is believed that 
as more projects become available to CII, these irregularities will disappear and 
the data will produce more normal results. Even with these irregularities, it is 
obvious that the tendency is for projects to have a very low RIR, with many 
projects approaching a zero RIR. This provides favorable results for the analysis 
of this data. Figure V - 8 shows the frequency for LWCIR. 

Figure V - 8 indicates a very strong tendency for the data to cluster around 


the value of zero. This is to be expected since the frequency of serious accidents 
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on projects will normally be very low. Since the data exhibits a consistent curve, 


the validity of the data obtained is not questionable. 
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Figure V - 8, Histogram, Effect of Safety Incentives on LWCIR 


The second statistical tool that was used to provide an evaluation of the 
significance difference in the data was the F-test. F-test factors were calculated to 
determine if the data exhibited significant differences based on the type of 
incentive. An evaluation of the F-test values as calculated and the critical F-test 
values shows that none of the calculated values meet the critical value, and thus 


no significant difference in the data is noted. It is hypothesized that the effects of 
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safety incentives are probably very small. Furthermore, an F-test would probably 
not be able to differentiate between contracts with or without safety incentives. 
A trend analysis of the effect of safety incentives on RIR and LWCIR is 


shown in Figure V - 9. The effects of safety incentives on RIR are identical to 
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Figure V - 9, Effect of Safety Incentives on RIR and LWCIR 


what was originally expected, with negative incentives providing better 
performance than projects without incentives, positive incentives being better the 
negative and no incentives and both positive and negative being the best. 

Of significance is the fact that using both negative and positive incentives 


provided a 78% decrease in the RIR. The use of safety incentives also provided 
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decreases in the LWCIR. As shown in Figure V - 9, the LWCIR rate was best 
when both negative and positive incentives were used. Interestingly enough, the 
trend analysis shows an increase of LWCIR for negative incentives, although it 
should be noted that there were only three negative incentive projects upon which 
to base this result. It is highly probable that a larger number of negative safety 
incentive projects would show that the LWCIR is less for projects with negative 
incentives versus projects with no incentives. 

In summary, the hypothesis regarding safety performance is proven 
correct. Negative safety incentives are better than no incentives, positive safety 
incentives are better than negative safety incentives or no safety incentives and 
that both positive and negative safety incentives provide the best safety 


performance. 
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Chapter 6 


Conclusions 


This study began by asking the question: Are incentives effective? And if 
so, can the benefits be quantified? And finally, what types of incentives are best? 
Based on these questions, three hypotheses were developed that guided this study 
of incentives. These three hypotheses will be examined individually to determine 


the accuracy of their accuracy. 


THE FIRST HYPOTHESIS 


"Projects with negative incentives have slightly better cost, schedule, and 


safety performance than projects with no incentives" 


To examine the results of the research on this hypothesis, Table VI - 1 has 
been constructed from the data presented in Table V - 2, Table V - 3, and Table V 
- 4. This table shows the effect of negative incentives upon construction projects. 
As 1s readily seen, negative incentives hamper, and in some case seriously inhibit 
the performance of construction contracts in cost, schedule and safety 
performance. In fact, it 1s noted that the performance of these negative incentive 
projects is worse than those contracts that offer no incentives. 

However, in defense of negative incentives, it should be stated again that 


the number of negative incentive projects for both cost and safety were extremely 
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limited. It is possible that additional data in this area would still show that 
negative incentives do perform worse than projects with no incentives. It is 
theorized that the actual quantification of the negative performance would 
moderate as the amount of data increased. 

Consequently, the use of negative incentives for any purpose is not 


recommended, and the hypothesis as stated is proven incorrect. 


Cost, Schedule, Safety, 
% Change % Change % Change 


Cost | Schedule| Schedule 


a | 4 | 8) 2] Oe 


Note: All percentages are relative to projects with no incentives. 
* Based on 6 negative cost incentive projects. 
** Based on 3 negative safety incentive projects. 





Table VI - 1, Summary of the Effects of Incentives on Construction 
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THE SECOND HYPOTHESIS 


"Projects with positive incentives have better cost, schedule and safety 
performance than projects with no incentives or projects with only negative 


incentives. 


Table VI - 1 shows that positive incentives result in better performance in 
all area except in the areas of cost growth, where only a minor decrease was 
noted. In many instances, it appears that owners use cost incentives on projects 
that are poorly defined. The reasoning being that the owners know that potential 
for poor cost performance due to a poorly defined scope of work, or an 
incomplete set of plans may lead to major increases in construction costs. Owners 
respond to this by introducing cost incentives to mitigate the potential for cost 
over-runs. This leads to the assumption that the original cost estimates for cost 
incentive projects are less accurate, and that the budget and cost growth factors 
would be affected. 

Another contributing factor is the fact that cost incentives are only used on 
cost reimbursable contracts. These types of contracts generally have less defined 
scopes of work, estimates are less accurate and many of these contracts are fast- 
track projects. All of these factors produce results such as those obtained in this 
study. Thus, it is believed that cost incentives are effective, although this is not 


supported by the data. 
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In summary, positive incentives have been shown to result in better 
performance than projects with negative incentives or projects with no incentives. 


Thus the hypothesis as proposed is proven to be accurate. 


THE THIRD HYPOTHESIS 


"Projects with both positive and negative incentives have much better cost, 
schedule and safety performance than projects with no incentives or projects with 


only positive or negative incentives." 


This hypothesis was formulated on the assumption that both positive and 
negative incentives would provide a benefit to the project. As has been shown, 
negative incentives actually inhibit the project. So what happens when negative 
and positive incentives are combined? As Table VI - 1 illustrates; the results 
obtained were mixed. In one case, the use of both positive and negative 
incentives was extremely effective for safety performance. In the areas of cost 
and schedule performance, the results showed that negative incentives inhibited 
the performance or provided little benefit. The use of both types of incentives 
results in better performance then negative incentives or projects with no 
incentives. However, in most cases positive incentives performed as well as or 
better then the use of both negative and positive incentives. Therefore, there is no 
justification for the use of both positive and negative incentives in the area of cost 
or schedule performance. In fact, the additional administrative resources required 


to administer both of these incentives make this type of incentive impractical. 
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In summary, the third hypothesis yields mixed results, with the use of both 
positive and negative incentives extremely effective for safety performance, but 
not recommended for cost or schedule performance. Hence, the onginal 
hypothesis is only applicable to the use of safety incentives. Use of both positive 
and negative incentives for cost and schedule performance should be carefully 


considered before application. 
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Appendix A: Analysis of Data by Owner or Contractor, and by 


First or Second Survey for Factors 


66 








‘oS © many 19 veld we ardent ot 





Ge ¢ @ Hew 


996 
60 € 


86 0 


ON 
ON 


LE 0 
9¢9 
0S? 
+0 0 


cr O 


St 0 
Lv 0 
89 0 


ee 


YIOMT 


89°97 
LIS 
Scr 
PSY 


€$ 0 
LL Ol 
SUP 
Iv c 
typ 


Of 


om) 


9c 0 
cL 0 
$8 0 
Coe 
Coe 


cr 
oO 
om) 


kp 


d[APIYIS 


IINPryds 





80 0 


YIMOI) 3803) 


a ae 
S60 


860 


£2 0 


oo 


cry 
o 
o 


© 


0 


ON 


‘ae 
S 


103984 
jadpng 





| 80d “A159 


“BIN °A BSIT-H 
INOTIWAA °A 3S9] “A 


JIULIIEA 





SPANUDIUT INOYIN 


SPANUIIUT PANDINT 





SPANUBIUT FAYISOG 








SPANUIIUT 


UONBIAIG “*PIS|MVOSaQ] puy aayisog yjog 







ISEYg UOWMINAZSUO-) ‘S9ATPUIIUT 380 


AJAING ISAT 


‘E}UQG 19UMO 





67 


JIUBLIBA 
UONBIAI “PIS 





20 
160 | _teipayysonnuaouy sour 


cO | 





SIAYUBIUT PAIWSINI 





"BIN °A ISAT -4 
AJAING PU0IIS 


INOWIAA °A 1S3A..-4 


wo | Rte 





*8JUg 1IUMG 


SIANUDIUT PANISOG 





92 0 UONBIAIG "PIS 


cor | 
nN 
300 | ea a 


“BIN °A ISIT-H 








INOUIUA °A 389. D-H 


SCO) | |) eueneK soasuaouy 


0S'°0 UONBIAIG “pIS|24UVdaN/ puD aaytsog yoy 
C6 O 











& 

oS 

a 
| 


10384 
ya3png ISBYY UO1JINASUO’) ‘SIAIPUIIO] 9807) 





68 





[c9 
6bc 
8c 0 
Ss l 


ON 
i 


Sb l 
Oc I 
SO | 
Stl 


rE 


0£0 
0£ 0 


00 
or 
ron] 


tbh 

—N 

™ 

: 
N 


£00 
COC 
cb 
0£ 0 
tO | 


YOM 


9L 801 
fr Ol 
9b S 
8h L 

c9 

c 0 


i 


9L¢ 
89 8 


e 
S10 
St 0 

9L 8LI 

Lets 
£6 | 
LOL 
cc 


0 


88 £7 
68 t 
LOS 
RG 


om 






| soo 
| 0 
oom) 
| Loo 


LO 
v 


cl 0 


|. 00 


| zo 
| £00" 
| 00 


C 
C 


ae 
| Lo 
| 460 
_ so 
| 00 
| sto 
| S00 
600 
Pt 


y)MoI 
IINPIYIS 





c0 0 


L60 


bc 0 
£0 I 
£0 I 


L9 0 
L9°0 


$c 0 
L60 


£00 
L10O 
tL 0 
c0 0 
£10 


Tl 
10)I8 4 





aINpay rs 




















| iso | aso] COnEIADC “PIS 
Rc RE a 
coe a 
Co oo 
| oro | EO 
| too | 900 
zo | zo SAANUDIUT AAYNDTIN 
ceo |S sie 
| ey 
| foo | eto BON A La 
a a ee 
[60 [tro | wanna pis] soumaruy aunsog 
a DR 
a a 

SC ec| | 
| io | 0 “BON *A 192. 
Te ee 
| so | toto eee Seedacoel 
| sro | 600 UONEIAIG “PIS| “Say pun aautsog yog 
a 
| ovo | 660 
a a 

10)I84 

innit, ISVY UOIINASUO?) ‘SIAIUIIUT ISO) 

















AIAINS 
SAY “BIB 


AOPIVAVUO') 








69 





LE0 


Le0 


mn 
N 


L00 
9c 0 


ot 0 
£c0 
8h 0 


N 


0 


ch O 
0S 0 


£90 
SP 0 
Sv 0 


i 
ae 


WIOMT 


66 $I 
Of b 
sol 
98 2 


cO8 
CBC 
00 
00¢ 


910 
Lco0 
86 Of 
ES 
LIC 
ble 


880 


9b Ss 
bec 
L18 
LI8 


£00 


\O 
CH) 


<0 0 
CC 0 
Lv 0 
[¢ 0 
I€ 0 


820 


Of 


© 


800 


990 
6c 0 
6 0 


c1 0 
cL O 





yjM015 
anpayas 





<0 0 


$60 
t 
££ 0 


£00 


WY 


6+ 0 
CC 0 


L60 
S60 


LW 


tv 0 
cl 0 


sol 
Sol 


rt 


10}I84 





aINpryrs 


I¢€0 
LO0 
£10 


820 
£¢ 0 
S00 
S00 


£00 


600 
S00 


LLO 
bt 0 
£L0 
<0 0 
te 


YJMOIL) 9SO") 


$00 
£c 0 


£0 I 


c6 0 
£00 
L10 
6L 0 
6L 0 
C 
b0 0 


— 
mn 


£0 | 
cO | 


820 
8S 0 
LS0 


80 0 
b6 0 


10)38 4 
jaspng 





JDULLIBA 


UONBIAIG "PIS 
SPANUIIUT INOYILAA 





MOYIAA “A 1S9.E-A 


JDUELIBA 


UONBIAIG “PIS 





SIANUIIUT IAYDSIN 





N 
“BIN °A SIT -H 





INOUWA °A ISI D-H 


JDUBLIBA 


UOHEIAIG “PIS 


SPAYUIIUT IANISOg 





PN 
“BIN “A SITE -4 
INOQIAA *A SIT -A 


JIUBLIBA SPANUZIUT 


UONEIAIG “PIS|*4UOSayy pup aayisog Yy1og 














IVY UOIINAISUO’) “S9ATPUDIUT 3807) 


AJAANG 
puodrsss ‘vIeqG 


10338.1)U07) 





70 





a a 
a = ~~, 
OO 
az ae a aaa = eae ee oa = 
a 
a 
a 
= 
—_) > 
































AJAING ISA 
*8)8q UME 





[sct__| er | sco_| sco | wo | oro womne1aaq “PIS 
[wo | me | wo | or | 100 | 60 | ___werpayyfsoupuaouy smoynyy 
[is | is_[ 9s [9s | | | SN 
oo | zeo | te0 | 0 | 000 | 000 | mown a sea 
rec [ see [eco | t€o | 00 | 900 | wonemoa PIS!) sour aummdoy 
cs _ | s | s | s | 24 | 2 

sco0_| oso_| oso_| iro] oo | coo | mown asonna 
oor | 9s | ico | oco_| oco_| 610 | _wonmsaq pis] saamusouy aansog 
ci | st fr] rd] Ct dP Ct SdTSSCCCSCSCSN 

woo | woo | sco | wo | 0 | co | SoNwar-a 
[wo | oro | «90 | 0 | 000 | 000 | moun "a 84-4 
[is | cesr | wo | soo | 100 | 100 | ___—s9umueal §—souuaouy 
ss | we | oco | cco | 800 | 600 | __wonminoa pis) emo pun aamsog og 
oo | we | oor | 160 | ooo | 980 
Coe] ed] ke dP ce ee 

YymMosr) A0}IB 40)I8 J 








71 




































| eo | wer | cio | soo | soo | wo | _aaveneal 
| uso | zor | seo | eo | eo | sro | wonewmeq ‘pis 
| ooo | oro | too | oor | coo | 960 | mAs @nMaNy IMOWIEA 
| uo | som | tro | ot | too so] 
eee ae |e ae ee | eee 
ps 
a A CT 
A ee eee HON STAC "PIS SIAYUBIUT JANDSIN 
| ooo | ooo | sto | tor | so | 680 | 
es ee er a a a ee 
a a eee ae ee 
| oo | oo | soo | iso | so | 660 | momAN “A IsaL-A Kaaing puosag 
ors | oomt =| roo | coo] to | vB A one 
| ez | oo | eto to | oo || overage pis} seaumaouy aaustsog 
sit | ty | coo | toto | too] tw 
pot et ct tN 
| ro | oo | wo | eo | ooo | oo | Sod “A 1S2.L- 
| sro | ooo | roo | 800 | 070 | ooo | BAN “ADSL 
| iro | ooo | 180 | soo | 000 | 000 momNEAN “4 H8L 
| sto | soar | to | oto | eo seo eA aaa 
| seo | ser | 90 | ro | iso | oso | uommisag -pis|7a¥7s2N pun autisog Yiog 
cme 9 ee ee | ae 
UIMOID ITAL 10)98 4 
eee | cere anpayrs ainpayrs omens! ae! IBY WOIINASUO’ ‘S2ATJUIIUT BNpIYyIS 





de 





= % y, a 9 —" ae ; ‘ 


ch L 
CLC 


oO 
+ 


$$ 8 
cOC 
OS I 
LYC 


re 0 
8h 0 
OSS 
PEC 


LL0 
Ic 


8c | 
ell 
Ic 0 
PL 0 


20 
©. 
wv 


‘E 
CN . 
tf 

ay . 


YWIOMT 


O€ LEC 
OF Sl 
cS S 


£ 


| sco 


| to 


3Npaygas 


ayNpsyqras 





YIMOAS 380) 


cn 


pS 0 
pL 0 


Stl 


LO 0 
9c 0 


86 0 
€C 


c0 0 
£10 


co | 


10}IUY 
jadpng 


cn 
NI 


JIULLIVA 


UdNBIAIG “PIS 





as 





JIIULLIEA 





“BIN °A SIT -J 





JIULLIVA 








JIUBLIBA SPAYUDIUT 


SPANUIIUT INOYILAA 


INOUWAA “A IS9.D-H 


UONBIAIG “PIS saaUaruy aayosany 





AJAING 
ISH “BIE 


JNOYPWAA °A ISID- 


10}38.1)U0D 
SIAYUPIUT JAYSOG 


UONEIAI “PIS 
TN 





"BIN “A NSIT -F 
INOUWA “A 389. D- 





UOHBIAIG “pis |%AvOSaQ/ pup aayrtsog yoy 


IVY BONINASUO?) ‘S2AIQUIIU] JNpIyIS 








i 





OF 0 
£90 


16 0¢ 
LS Vv 
88 | 

bre 


it 0 


= 

cn 
ste 

N 


9t 0 pS Ls 
I9L 
OLt 
6t S 


Ic 0 
£0 


iG 
“Ee 


OFC 
Lol 
lOc 
bO Cc 


) 


— 
— 
3. 


0 


I¢ 0 
ctl 
col 


li 


WIOMT 





F6 0 


9c 0 
$00 


L0 0 
cO I 


v 


10}384 
jaspng 


JIUELIBA 








JIUTLIBA 


UOHEIAIG “PIS 





N 


“BIN °A ISAT -Y 


NOUN °A 189 D-H 


JIUBLIBA 


UOIPBIAIG “PIS 








UBIPIW 

ae 
“BIN °A ISIT-H 
INOUIUIA °A ISIT-H 


JOUBLIBA 








SPAYUDIUT INOYILA 





Saayuaguy aauosany 





SAANUIIUT AAYISOG 








SaAyUaouy 


UONBIAIG “pIS|UNsaV] pun aaytsog yIog 





AJAING 
puoras ‘BUG 
40}38.1}U07) 





Isvyg UONINAISUO’D ‘SIATJUIIUT INpIqIs 





74 





10 cl 
| eve 
eet 
ace 
| ceo 
| eee 
encore 
cor 
pe 
YOMT 


09 6¢ 
bys 
Sce 
C8 
S 


: : 


LP 


10 9¢ 
OIS 
cet 
LEY. 
L 


CLC 
CLC 


| 00 
| to 
| 800 


Ss 


L0 0 


/u80 
| 90 


| 800 


| stor 
| stor 


yIMO1) 


L00 
97 0 


cO | 


L380 
L00 
97 0 


CO I 


SL0 
SL0 


* Ct > 


10}IE4 





ainpayrs 


ainpayas¢ 


oe 
a ae 
pS 
$c 0 
be 0 


C0 0 


£00 
£00 


YIMOI 1807) 


8£0 
$6 0 
86 0 


PL 


br 0 
cl 0 
be 0 
£6 0 


™ 


980 
980 
10}IET 
jaspng 








JUBLIBA 


UONEIAIG “PIS 





SIAYUDIUT INOYIAA 





INOYIAA °A NSIT -A 
JIUBLIEA 


UONEBIAIG "PIS SIANUBIUT BANDTIN] 


“SON °A NSIT -F 


INOUWAA °A ISAL-A 


JIUBLIBA 


HON BIAIC “PIS 





SPANUIIUT JAYISOg 





“BIN °A ISIE -F 


NOAA “A IS9L-J 


JIUBLIEA SIAYUBIUT 


UONBIAIG *PIS IANDZIN] PUD BAtsod YIog 














AJAING ISALT 


*8jJ8Q 19UMG 





IBY WOIINAJSUOZD ‘SdAIPUIIUT APIFBS 


12 























et | | ose | econ | oe | oe mOWEAIT “PIS 
pot | tT see he 
ae ae ae ee a a 
BS ae ee eee eee 
2 ee ae ee ee eee uoHELA2d “PIS 
aa ae 
Re eS aaa eee ae ee aaa ee 
M0 dk Oo 2 oe oe eee 
oe eee eee “BON “A 152. 
| syo0 | oo =| eo | 0 | Soro || oA “A SAL“ 
a Se 2 NOETASG PIS 
oe ct ee ee ea | | 
fee eee eee ee 
| iro | 99h =| eco =| Cte | oso] 

so | ise | soo | cot | zo | zt | 
ES a ae ae ae ee 

YIMOI 10}IET 10198] 





SPAYUDIUT INOYILAA 





SIANUIIUT PANDBAN 





SIANYUIIUT IANISOG 








SIANUDIUT 


UONIAIG ‘pPIS|@440daQ/ pun aayisog yIog 





AJAING pudIIC 
*extq 19UMG 








IVY UOIINASUO-) ‘S2AIJUIIUT AJIJCS 


76 





COL 
9LC¢ 
L¢0 
cL I 


~ 


pS 0 


$6 0 
tL 1 
el | 


86 0 


0072 
Ir | 


— 
N 
— 
N 


00 


YWIOMT 


80 8El 
SZ {I 
Se, 

688 


$90 
SC HC 
COP 
cl 9 
c19 


820 


Bee 
09'S 
LEA 
f6£ 


b0 0 
L10 


tL S 
6£ °C 
bic 
cLe¢ 


:| 


LO 0 
9c 0 


800 


Cr 
tC 


0c 0 
0c 0 


cO 0 
£10 


N 
N 


cl 0 
cO 0 
S00 


yIMOID 


600 


C7 


0c | 
0c I 


800 


—N 


cc 0 


— 
N 


Le 0 


cl 0 
c6 0 
c6 0 


Lee 


10}IE 





anpayr9s 


IIRPIYIS 


9c 0 
IS 0 
cl 0 
pc 0 


va) 


cf 0 


OF 0 


L10 


S60 
L60 


9¢ 0 


6L 0 
c0 0 


cO 0 


YIMOID SOD 








Tso wonenog is 
00:1 eepap saerouy smo yaa 
Csi 


SIAYUIIUT JANDBIN] 





rl 0 SIANUIIUT JAYISOg 






cO I 





= 
N 


Is 0 


SIANUITUT 


L60 


TSR 
jaspng 


IVY UOIINASUO) ‘SIATPUIIUT AJIZBS 


AJAING 
SAY “BIE 


410}98.1)U07) 








77 



























| ouso | ste | cto | sto | ozo] enone “pis 
| ooo =| sot | oto | two] 800] Teens ana ony soya 
ee es ae ae eee | 
Pa | toe 
aS i ee eee 
| |e ee HONBT PIS] soanuaouy aarsoSay 
ei) Se eee eee ee | ee 

AJAING 
_ so | 800 | oo | sro | 900 | sto | nom A dSaL a puosag ‘weg 
| wo | io | veo to | evo otto MOUMASA BIS] SUN2U) 2ttSOd 
a | a ae ae eee eee 
ee eee ae ee ee eae 
i ee ae oe, | er 
a SSS eS eae ee ee ae saauuaouy 
ac re | ee || uone1aag “pis|?4 
ie ee eee I ee eee 
SS ee i ee eee 2 Ee 
0 0 eee o_o 

MOI) 10}98] 10}38)] 

eer | ee anpayrIs anpayas ais, Sane ISVYg UOIINASUO?) ‘SIAIPUIIUT AJIZwS 








78 





Bibliography 


Carmody, D.B. "Incentives/Penalties for Time and Cost Control the Owner's 


Viewpoint," Engineering-Construction Contracting, Research Report. Austin, 
Texas: The University of Texas, June 1985. 


Clark, John B. et al. Government Construction Contracting, Federal Publications 
Inc., 1977. 


Cohen, Henry A., Public Construction Contracts and the Law, New York: 
McGraw Hill Book Company, 1961. 


Cushman, Kenneth M., Drafting Construction Contracts and Handling 


Construction Litigation 1993, Preparing for the "New" Public and Private Works, 
New York: Real Estate Law and Practice, 1993. 


Dunham, Clarence W. et al., Contracts, Specifications, and Law for Engineers, 
3" ed. New York: McGraw Hill Book Company, 1979. 


Finchum, John A., Jr. "Expectation of Contract Incentives," Naval Research 
Logistics Quarterly, Vol. A, No. 2, June 1972. pp. 389-397. 


Frein, Joseph P., ed. Handbook of Construction Management and Organization, 
2™ ed. New York: Van Nostrand Reinhold Company, 1980. pp. 48-57. 


Hapke Jr., Daniel S., Design and Construction Contracts, Representing the 
Owner, American Bar Association, 1987. 


Hauf, Harold D., Building Contracts for Design and Construction, New Yok: 
John Wiles & Sons, Inc., 1968. 


Ibbs, C. W. and Samer F. Abu-Hijleh. "Unique Features of Construction Contract 
Incentive Plans", A Report to the Construction Industry Institute, Task Force 83- 
5, 1988. 


Moore, David S., The Basic Practice of Statistics, New York: W.H. Freeman and 
Company, 1997. 


79 


Seat 
Re << eter 9 5 eA! ee 


; ; i ee he 


i (esat eens Wy ee: a itt 












aa Bae | en od b> Voor 
evile 


=. Wi Da 6) em gare aati s . uh), 
ee 


i ; =e 425 Greed < "es—a8 | 
ma) Se eee es oe ea ee | 
te en ee gunY * 


. 


er (Oe Sa ee 
BONG seen > Grigils rs oe eeS ney ae 


een ie Sen Oo a Saar = A wim 


i) al an ZOE OTE 


a Ses wt id eee oes 
Sem ngaecrell Cislecegevial kam sill ea? Uae ec, 


a 


a 
7 = 


Paes he) HP be =e, OE 
«=i ee Gntt 11s Si selt 

- : oS) (i a ie ae Ppeas & t 

em - 604 @ 


7 >  * 
— ai i > oe 7 


OVO e i” ae -- 
mat 


Nash, Ralph C., Incentive Contracting, Government Contracts Monograph No. 7, 
Washington D.C.: The George Washington University, 1963. 


Smith, Stephan E. et al. "Contractual Relationships in Construction," Journal of 
the Construction Division, ASCE, Vol. 101, No. CO4, December 1975. pp. 907- 
921. 


Special Committee of the Construction Division, San Francisco Section, ASCE. 
"Construction Economy through Contract Administration," Journal of the 
Construction Division, ASCE, Vol. 88, No. CO1, January 1962. pp 1-12. 


Stukhart, George. "Contractual Incentives," Journal of the Construction 
Engineering and Management, ASCE Vol. 110, No. 1, March 1984. pp. 34-42. 


Sykes, W.L. "The FPIF Contract-It Motivates Contractors to Meet Schedules," 
Plant Engineering, January 6, 1977. p. 63. 


The Business Roundtable. Contractual Arrangements, A Construction Industry 
Cost Effectiveness Project Report, Report A-7, October 1982. 


Tucker, James Irwin, Contracts in Engineering, New York: McGraw Hill Book 
Company., 1910. 


Wincor, Richard, Contracts in Plain English, New York: McGraw Hill Book 
Company, 1976. 


Workman Jr., Billy Wayne, Incentives in Construction Contracts, Master's Thesis. 
Austin, Texas: The University of Texas, Dec. 1985. 


80 


a 
- a oh re 
a Oo , a ee: 7ie a 7 
7 . - i, 
c 3 = 
- EPS i 
>i i eat > - . eras 7 aa: 


0 | paaear * 


= >) illness Fore e ee 
—_<=s . hans 0 aces 9) aes i 







Pat 4 = ae Ss 
Hisi 


- gre. ee 


mg eat ie 9 ae. 


all * Diy. ibe da 68 + “aK 


Vita 


James David Oliver was born in 1963 to James Donald and Sharon Janette 
Oliver. The oldest of three children, he attended Vernon High School and 
graduated in 1981. He then attended Vernon Regional Junior College where he 
obtained his Associate Degree in Drafting and Design in 1984. After attending 
Texas Tech University for three years, he graduated with a Bachelors Degree in 
Mechanical Engineering. The author then spent two years as a project engineer 
with the Texas Department of Highways and Public Transportation where he 
worked in materials testing, drafting, and quality assurance for construction 
projects. He then joined the United States Navy as a Civil Engineer Corp officer 
and was commissioned as an Ensign in 1988. After a three year public works tour 
at the Naval Station Pearl Harbor, Hawan, he then was assigned in 1991 as a 
Contracting Officer for construction at the Camp Pendleton Marine Corp Base in 
Oceanside, California. In 1993 he was transferred for a one-year tour as the 
Service Contract Manager for the Naval Base on Diego Garcia. This was 
followed by a two-year tour as a Company Commander and Detachment Officer 


in Charge with Naval Mobile Construction Battalion FOUR. 


Permanent address: 6529 Westwood Drive 
Amarillo, Texas 79124 


This thesis was typed by the author. 


81 


eT 


10/33 22527-200 wire 


















: i.) *f 
ec anere@eyey ote 
cr.) ee o 

he J 






32768 00366774 


i peri 
Ls kes 
- 


ii 






Dy 

| te Fee 

AAC Pe 
e 







ra, 
sa@qnt 


ia 
Pa ee ke 
Fe 














PT ee 
pe Oe ie 
Po. ae 5 ® 









tu 

rH 

ae wt 

wise Ae 
1a eee ge 
0ha8 










7 
#op eed 
ead 





Te ele 
Par ye es 
re) 








P 
PL rT bo} 
a ar id ; 

f 


Po ee 1 
OR. ' 
it P t 
rg eee 







rs 
cry Paro 
mb aiat ert © Lt 


Leda 










aL + a OH Pa ed 
gu oan ond © 
Pee ee 


al 
ara a4 i cr 
° oot 










1 a 

ri LI te A 

one ot ag fn Les rh 
5 Py F 










~ 


or 
1p ageee” 
Ls 


H 
zg Ustvser! 
i . Ld 





Ld 
. 


a eal 
wr a 
















Li ria 
hues 
ci iia ir ee 
aad a re to . 
etvist ope fs 


te 


OM rane 
ap tebe Ad 


































ner + ti al 
ee he de ~ se 
potee ot, ¢ 3 : 
pe he 3 J of ef “La Ral 
e . Cbd wh 
ef. ba Ht rae He 
LJ 
r aT ae nt ; - 
5 0B Feeyt ® 
a r "4 
4 Prt he 
7 J a ia 
aone ee emert 


nies tits 
eee 
he bes' rv et 
Phat ae art 
5 é ae 
c bd Oe 
f n Nr ka 
Pe ee 









Py 
wr eP ai ] 
rwe ay Ci 
7 ou rat hel . : 
, fr rd 
y. Pe Ws 
rt eh 
C7 








eas 









hd i. 
? Pere 


PTT thee 








) 
abet 
fetiy gs 

















1 

Pie ak rs Pre I 5 lo 

Aaa ae i agaetnene eck 
Ye et Pith 

PhS ee 













































* 
a Deas 
OR ye r 
a ee de r av 
Pet ie For of tw ae er aa Pa i 
ical em Me " 4 il hee 5 
os a t » a if si a 
Td wes Ey “ UI 
. . 5 S of ue 
7 rf s ma ad Pe Pa Aue 
b Th. Pe ae) PPT ee A 7 P 
Ped ge teh ede 48 PT era get ! Pre F 
a) ran | Tt had Pra Pi re ihe ma) 
Gea 0 Ake vbil lees o 3h 
Ar tL bd 


aT) 





J Oa a : 

o peers @ rere td 

Pero. a a | 
== a eae 












24 te hh 
on 
PTT a f 
a. Pere 
bh i dd 





BS rs 
5.0 «6 Se AO ty 





e 
ree at Th 






















Pf 
1 he aed Wal a eee 
A ee s"8 
rT ie hd rd 
ope 1ytr® gt @ a 
Par Ye oe pedo tad” f een 
of aa ra 7 SC BALA Datla ee 
ra cet a f 
Pa ea PY) ee ed Ui ' 
pre ee 
He = P 
i kL 
Cheat Va 
i 














rh 
er Peet yt 
yah dds D488 


stab bY Pt a Dee) 
4 5 VEIT Labade 
Pe er ed iu 4 

hr he a e 


“aC a ictanate a 
. Se ie 





po aah def 
ye woe l 



















Pate 
ory ‘ 
Pres tLe Nee PPM A bhad Ce 
APP ates ote PYT Lome 
cr ai) hy hed COA aha) PTT Ln ee eu 
Ti Etete oye * -t Oh aw eh te Tee i i; 
Pe ee 6 PT ek ae Care a) ar} wt de 
Perens oae eg 4 o ‘ ry rd 
. reed Pen ee « 
, re) 





od gern Of cd 
tt ee. 






i 2 on 
a 















rr 
woh? 


4 
we 
pt 
Harr » * pes 
aes 8 Pe aye 
ae i 









bi 


al 
- 
cP 
“td 
ee 
a. o oe 
e 
iad Pe Oe Ao 
is Pade Her ata 
Pe de cet ye A ay 
r ie . eet & Ft 
ha ed we Boe ty oe. 
Bk tea 


PW Pts thd 
Cnet ww ae re 
















































- . 
rere id 
Pe a 
Or ho Ags 
Peed . 
gts 4 3 5 
ea) el 
Cal 
tol se 
Waite 
oe sd 
oe 
Syretel e 
" ma 
ee ate ste gree rtettens 
. Mm yAS a o a] e oor 
Bt OS ; °? Spade? A 1 td party Uo 
Prete 9 eo PULL ‘ 
até ley wee f i aa Ty 
Pe eae yi Ty 
ar 
a 
et 
a 
rh he 
Pits oa 
cr Fs 5 4 at Td C eh ; 
a ROT Bey, ah ° A 
. } an bd i PT bl bd & 
Pe Fy ’ Ch aes ee ra D e ¢ Py Py 
. Pee te, [ 7 Cr? ae ee 
bn é . hf Co ae a 
ir) Pa ue 2 ‘ 
a ry ry r Ei ° rT es « 8 n - ’ A 
Yeogdt BA 459° " Pra) ee . se 
arene D te PO | eee p . goatee FO oe ES ae or ‘ r a ° F 5 
. phe hi a .. oH AL : ate! Pa Paar Setar ail re 
) 5 p 
2 P) Oh a ee" S 4 F ¢ 
6 e n ) re 
ed * ¢ 5 ? 
‘ ‘ a ti cy a Cd 
geat? F a ~ are * 
va) Te he s or ee* 8 ® 
pad ‘ ar CI + - 
A or aL a cl « A . 
eeet iPad ad ee ee Py T 
) toed « f 7 
Cad a . e iT ? a i) ' O 
0 [ed rr , ‘ A ¢ 
Th Ld Tr a wee fe age ‘ 21 A 
A bd ne. O e 5 ‘ 
° Pm re) * -y * ar) 
0 ae. a a er Ue 
‘ t a DO | ‘6 r Py 
Pr Poe Lo * F 
7 ee Pty a hs O 
) Pr Fi r e 
te of nn Pi) $ ‘ 
" oe O Pe ee Dy a 
Cr er .Y ee te Pf ah " Pa} 
Pt fe 1) oo? r r a 
. iy Cr i | ray Pie aa! s bd 
5 eed +? . <i Fy 
: . te 
LU of & ri e Si 4 
U eourp t 4 bd q i 
He ae ¢ tr 
iy eee Pn a ‘ 
Pre ry re} ‘ ry a 5 ‘ 
_ gt steak ir) a ra ° 
2 ee) eo e 4 ‘ 
rh ry a Pa i) Ld 
an r 5 
URC 






















Ag 
ae Leb 
PP ed i 
oe abet are 
POS Aer ed 
te-Be ee ae a 
Hy aaah aed ays Ore a od 
if ; 
U i 










































a, i e 
Sere ans 
(eo ne ae ale rire ay 
er ees™ pate ™ rey) 
‘ La Oa 4 mee s8e ah er 
by ange urd eae eal 
ay mish a tata OM! ahh Pe F 
rn ir) “Jy ort Pa | at BG ateg ous 
Tey eee] rere re ae Per eres by 
Pn Yr a tae aes. aes s 
TY ae: y 3 
RE Ol Pe Ty 
Peers a UNL he 
th 


TS ee hoe 
eo Leal abt F 


















ies eons 






















+S inate O41 
euvyy’s 
ceekigvar & 
ry a wees pbs 
Be bet 4 rere 
ya Ts at 
a A ra ie y na 
re $ i] Mu  ohe HE 
PT Le Sn heb Oo * 
SMevt iG ° Aaa 
A Le es 
$°s ae . | ‘¢ 
ard ae Pn 
7 i 


sr, aa y 













LY 
M LW) 4 axis 
a) 
Ys ae cd Pa ry 
hs ry © at * o37) or 
Per Ls hae ries 1 
Cee ee 





























































ee 4 tae 
pgteryrsre cavlenmace org. a) ; 
A fy ee Sk ba pend Sy The Bett fer) bs t 97 
je erate’? (Wie ted |} PTT Lhe b de Pee 
PT he Ne beed Fy 
Pyrenees 0 
aren qed qa gitbege wet ny has 
Perey) teats ery ie Lh Petr ee PACs Ue Sere 
Po 43 rts cro ne are Ls . 
ee erarpesh aft es 
Aer eae) fT 
re 


et Pa 
ri 


a 
Wane: 
os 


< 
4 


Sm bt RARE P 
eet ar Kee 4 










aa th gees’ Pr en y 
PA Pore 1 


od cy ‘ 
; Pots Pk 


gta 0 4.8 fh) i hel 
Pa 














re 
t, 
Cia vy 









Pee car) 
Cn 
















a Sb ier are 
eee a 
ean 
re ee Phd 
a? 











es SR re 
Spence to 
rea Ret pat Pn 
° a 
Rape ieee at ay 
Po a ee Cee a 





ar rd aes 
gh coges 8 
oe HY | Pry 
Me Ud tient te 
i . 











4 O 






















Ue 
TER ER 
Cn. Po 1 i A 
i ur BA mh Thr 4 sgeeu we BARS TOM Pia A 
ed iy {iat Peer PA) a vette { 
He rary) . yer ko a ie Je es 
Yaa. AP ee | bf wut Cats Oh pet 
1 je ROU CaS Pras eT ast reo 
n - 
a 
to ry i] 
CI 1 F rT . Py 5 
ra a or A ey ry 
a OO 4 LU eek O 
Bi oh « ont Pa Fi i 
Ch ‘ ao? oar) n 
[i is aid & . Fae a Ld te a : B 
oe ‘ rab ic ar 5 dl 
ra Lore Oe A ea | 
. “ ee wae reo Pi A - 
ers t . e r ef > ’ | 
j¢ ved A A ‘4 
ase a? e nL - = Py eer 
Pan Ed s 1) s Pa ve 
e4 4 Sd ® oop 4% 
LJ s , J * ah Fy r 7 r 
u A t r 
T 


